The protozoan phylum Apicomplexa Levine, 1970, comprises a large and heterogeneous group of obligate intracellular parasites including many species of medical and veterinary significance (e.g., Plasmodium, Babesia, Cryptosporidium, Eimeria, and Toxoplasma). About one-third of the approximately 4,600 described species in the phylum are placed in a single family, Eimeriidae, and the vast majority of these species are known from a single life-cycle stage, the sporulated oocyst. It is the process by which new eimeriids are described that we wish to address in this essay.
HISTORICAL PERSPECTIVE
Although the names of apicomplexans reflect the use of the International Code of Zoological Nomenclature, the taxonomic procedure followed in documenting the existence of new eimeriid species has not been consistent with the intention of the Code. For example, the Code explicitly recommends the designation of type specimens for new species, but a type tradition is lacking among taxonomists working with the Eimeriidae.
Historically, under the Zoological Code, "the type is a specimen," with the implication that the type specimen will be available for future study. Unfortunately, most scientists describing new coccidian species have not devoted attention to developing methods to preserve coccidian oocysts permanently or to other viable alternatives. Consequently, reference collections of preserved specimens of eimeriid species do not exist, with but few exceptions (e.g., Calyptospora empristica, see Fournie et al., 1985) .
According to the most recent edition of the Zoological Code (Ride et al., 1985), a type specimen serves as "the objective standard of reference by which the application of the name it bears is determined, no matter how the boundaries of the taxon may change" (Article 61 (a), p. 115). Thus, the type specimen is intended to be unchanging and objective, whereas the limits of a nominal species are recognized to be subjective and transient. The type specimen, therefore, serves as an anchor for the name, and to some extent, it is the name (see Mayr et al., 1953 Frizzell, 1933 ) is of little concern to us. The major point of this essay is that we use the technology available to begin a type specimen tradition for the coccidia.
Given our conclusion that illustrations may be considered legitimate replacements for type specimens under the Code, an additional problem arises for biologists working on the coccidia. For an illustration to serve as a type, there is an implicit requirement that the illustration be based on a single individual. Types serve as the "last court of appeal" in disputes over the application of scientific names (Mayr et al., 1953). It is imperative that an illustration intended to serve as a type specimen represent a single individual because of the danger of basing a composite illustration on 2 or more species, a situation that would become a nomenclatural nightmare. Yet, composite drawings of sporulated oocysts are the standard form of presentation oftaxonomic findings in descriptions of new eimeriid species. This is not meant to imply that composite illustrations have no value in coccidian taxonomy; rather, this very useful means of presenting taxonomic information should be supplemented by material less subject to errors of interpretation.
The Zoological Code does not explicitly address the question of the validity of names established without the designation of type specimens. Some authors (see Blackwelder, 1967, pp.
165-166) would consider such names invalid.
Under such a strict interpretation of the Code, the status of most of the species names in the Eimeriidae would be uncertain. Indeed, the same taxonomic practices are undoubtedly widespread among taxonomists working on other apicomplexans; we are restricting our comments to a single family with which we are most familiar. Our objective in writing this essay, however, is not to threaten to declare hundreds of species names invalid, but to draw attention to the lack of a standard for the description of new eimeriids and to emphasize how this has impeded efforts to understand the systematic relationships among the genera and species within the Eimeriidae. Systematics, or "beta taxonomy" can only exist with a firm foundation of "alpha taxonomy" (and nomenclature) to support it. If there is no means of comparing species (i.e., no reference collections), neither phylogenetic nor phenetic relationships among species can be discerned. The literature on these organisms then can be only an endless series of descriptions and redescriptions, with valueless speculation regarding the significance of real or imagined differences.
The uses of type specimens go beyond their importance in nomenclature, however, and thus the lack of a type tradition among biologists working with the coccidia has implications beyond the invalidity of the species names. Blackwelder (1967, p. 166) identified 3 ways in which type specimens are useful to the scientific community. These uses of types will be considered, using specific examples drawn from the taxonomic literature on apicomplexans.
First, in poorly known groups, type specimens serve as "a source of unchallengeable characters" (Blackwelder, 1967, p. 166) Finally, the third way in which type specimens can be useful to the scientific community is that types serve as a means of checking the accuracy of published descriptions (Blackwelder, 1967, p. 166) . This is in some ways comparable to the replication of an experiment in another laboratory, and it serves as a supplement to the peer review process.
The importance of type specimens (and indeed of taxonomy) goes beyond their necessity in systematics. Good taxonomy is an integral aspect of the scientific method for experimental biologists. In order to draw general conclusions from an experiment it is necessary to know that the organisms under study represent a homogeneous group. All other investigations of eimeriid coccidia, whether biochemical, physiological, immunological, etc., are undermined by a shaky taxonomic foundation.
PROPOSED SOLUTIONS
What then can be done to promote progress in eimeriid taxonomy and systematics? The publication of the newest edition of the International Code of Zoological Nomenclature (Ride et al., 1985) should usher in a new era in protozoan systematics. Historically, the Zoological Code has been inadequate for these organisms and, as a consequence, has been applied in a rather haphazard fashion. Now, for the first time, explicit provisions are made for the unique concerns of taxonomists working with protozoa. For the new provisions in the Zoological Code to be put into practice, we must require a reevaluation of the taxonomic procedures used with groups such as the Eimeriidae. Perhaps of greatest importance, then, is the need to create an awareness among biologists working with eimeriids of the value of designating type specimens. Building a type tradition will require not only the designation of holotypes for new species, but also the designation of lectotypes or neotypes for existing names. In addition, type species need to be designated for the known genera.
Methods of permanent preservation of coccidian oocysts now exist (Marchiondo and Duszynski, 1978, 1988), so there is no longer any reason not to begin to designate type specimens for those species that can be handled in this manner. In addition, the new provisions of the Zoological Code regarding illustrations provide an alternative: photography offers many of the advantages of preserved specimens at a fraction of the cost of the methods employed by Marchiondo and Duszynski (1978). Thus, when describing new species one could prepare a series of photomicrographs, chosen carefully to illustrate as many features of the new species as possible, and perhaps mounted on poster board with the nec- essary structural, host, and locality data on the back (Figs. 1, 2) . If we standardize the size, the poster can be submitted to, and maintained in, accredited museums just as slides of helminth types are catalogued currently. Two copies of the phototypes should probably be submitted so that one set remains permanently in the repository while the other would be on loan. Ideally, hapantotypes, composite types in which all stages in the life history are represented, should be submitted as advocated by Williams (1986). For many coccidia spp. this would be next to impossible, however, and the deposition of a syntype (=phototype) series consisting of oocysts probably represents a more realistic goal. If reputable journals made the designation of type specimens (including type species for new genera) a requirement for publication (as most already do for helminths), there would no longer be an excuse for the failure to designate types. Type specimens are not a panacea: there is some information that cannot be obtained from preserved specimens or photomicrographs. Indeed, there is much to be gained by the collection of fresh material. However, type specimens represent a point of common ground for discussion, 
